Targeted data-independent acquisition for mass spectrometric detection of RAS mutations in formalin-fixed, paraffin-embedded tumor biopsies.
Genomic testing for KRAS and NRAS mutations in clinical biopsies of various cancers is routinely performed to predict futility of anti-epidermal growth factor receptor (anti-EGFR) therapies. We hypothesized that RAS mutations could be detected and quantified at the protein level for diagnostic purposes using data-independent acquisition (DIA)-based mass spectrometry in formalin-fixed, paraffin-embedded (FFPE) tumor samples. We developed a targeted DIA assay that surveys the specific mass range of all possible peptides harboring activating mutations in KRAS exon 2. When the assay was applied to tumor samples with known KRAS or NRAS mutations (G12A, G12D, G12V, and G13D), RAS-mutant and wild-type peptides were successfully detected in 11 of 13 biopsy samples. Mutation statuses obtained by DIA were concordant with those obtained by DNA sequencing, and yields of mutant peptide (mutant peptide/[mutant + wild-type peptides]) exhibited linear correlation with yields of RAS-mutant mRNA. When applied to biopsy samples with failed DNA testing results, the DIA assay identified an additional RAS-mutated sample. SIGNIFICANCE: Proteomic detection of RAS mutations by DIA in tumor biopsies can provide solid evidence of mutant RAS protein regardless of the mutation types and sites in exon 2. This robust method could rescue samples that fail genomic testing due to insufficient tumor tissue or lack of sequenceable DNA. It can be used to explore the relationship between protein expression level of mutant RAS and therapeutic outcome.